of apelin, apelin receptor, resistin and adiponectin levels in the primary tumor and serum of patients with esophageal squamous cell carcinoma.
Adipokines are proteins secreted by the adipose tissue. They play an important role in energy homeostasis, lipid and glucose metabolism and insulin resistance 1 , and may act as autocrines, paracrines or endocrines. 2, 3 Several clinical studies have demonstrated a significant relationship between unbalanced adipokine secretion and the prevalence of endometrial, renal, colon, or gastrointestinal cancer. 1, [4] [5] [6] [7] Adipocytes are important components of the tumor microenvironment and adipocytederived adipokines promote cancer growth, progression and angiogenesis. 4, 7 Esophageal squamous cell carcinoma (ESCC) is one of the most aggressive cancers, with rapid tumor growth and early metastasis to the lymph nodes. 8 It has been suggested that abundant adipose tissue surrounding the esophagus at the adventitia influences the development of esophageal cancer. 9 Recent studies have demonstrated the role of adipokines as new markers for predicting the stage of biological aggressiveness and prognosis of ESCC patients' survival. 7, 8, 10, 11 Apelin and the apelin receptor are expressed not only in adipose tissue, but also in the human heart, liver, lung, gastrointestinal tract, and other organs. 12 It has been reported that the apelin/apelin receptor system stimulates blood endothelial cell growth and may play a significant role in cancer angiogenesis and lymphangiogenesis. 12, 13 The possible involvement of apelin and the apelin receptor has not been evaluated in ESCC.
Resistin, like the apelin/apelin receptor system, promotes the growth, differentiation and migration of endothelial cells. It has been observed that elevated levels of serum resistin are associated with the progression of lung, colon, gastric, or oral cancer. 2, 8, 14, 15 In contrast, adiponectin inhibits endothelial cell proliferation and migration and stimulates cell apoptosis. 7 In our previous study, we showed that a high resistin concentration in the serum of gastroesophageal cancer patients is associated with the cachexia syndrome and the presence of distant metastases, while low serum levels of adiponectin reflect adipose tissue wasting in these patients. 10 Our results were in agreement with earlier immunohistochemical studies concerning high levels of resistin and apelin in tumors of gastroesophageal cancer patients. 7, 8, 10, 11 However, the importance of resistin and adiponectin has not been fully elucidated in ESCC.
There is no data concerning quantitative analyses of apelin, apelin receptor, resistin, and adiponectin concentrations in ESCC tumors. Therefore, in the present study, we evaluated the mRNA expression and protein levels of apelin, apelin receptor, resistin, and adiponectin in tumor tissues obtained from surgically treated ESCC patients. The association between protein levels of adipokines in tumors and disease progression was also investigated. Concentrations of serum apelin, apelin receptor, resistin, and adiponectin were measured in relation to ESCC progression.
Material and methods

Patient characteristics
The study population consisted of 80 individuals: 53 cancer patients with histopathologically confirmed squamous cell carcinoma of the esophagus and 27 healthy subjects. The ESCC patients (36 men and 17 women, mean age 58.8 ±8.8 years) were admitted to the Department of Gastrointestinal and General Surgery of Wroclaw Medical University (Poland) between 2010 and 2015 for curative resection of esophageal tumors or for palliative procedures. Patients with any systemic illness were not included in the study. Preoperative evaluation included a physical examination and imaging techniques, such as ultrasonography, computed tomography and/or magnetic resonance. Finally, resection of the esophagus was carried out in 27 patients, and palliative methods (argon plasma coagulation supplemented with mechanical dilation of the tumor) were used in 26 patients. The patients' demographic, clinical and pathological data is given in Table 1 .
The Union for International Cancer Control (UICC) TNM staging system (7 th edition) was used for clinical and pathological staging. There were 2 patients with stage I cancer, 9 with stage II, 16 with stage III, and 26 patients with stage IV. In the ESCC patients, the cachexia syndrome was defined as involuntary weight loss exceeding 5% of the patient's previous baseline body weight during a 3-month period. Blood samples were collected after overnight fasting from the 53 ESCC patients prior to any treatment. From the 27 patients who underwent esophagectomy (17 men, 10 women, mean age 59.7 years), samples of the tumor and matched non-tumor tissue were collected for the analysis of mRNA and protein expression.
Serum from 27 apparently healthy blood donors (16 men, 11 women, mean age 55.9 ±3.6 years) from the Regional Blood Donation and Treatment Center (Wrocław, Poland) was used as a reference in the analysis of circulating adipokines. The control group was age-and gender-matched to the study group (p > 0.05).
Ethical considerations
The study was planned according to the ethical standards detailed in the Declaration of Helsinki, as revised in 1983. The study protocol was approved by the Medical Ethics Committee of Wroclaw Medical University ( Poland). Informed consent was obtained from all the subjects.
Collection and preparation of samples
Fresh specimens of tumor and normal mucosa, the latter taken approx. 10 cm from the tumor, were collected after the resection and divided into 2 sets. The 1 st , subsequently used for transcriptional analysis, was soaked in RNAlater ® stabilizing solution (Ambion Inc., Austin, USA) and stored at −80°C; the 2 nd , subsequently used for protein analysis, was rinsed with 0.9% NaCl and stored at −45°C.
Tissue samples for RNA extraction (30-40 mg) were homogenized in TRIzol Reagent (Invitrogen Life Technologies, Carlsbad, USA) using a Fastprep 24 Homogenizer (MP Biomedicals, Santa Ana, USA) and total RNA was extracted using the phenol-chloroform method. The isolated RNA was purified using an RNeasy Mini Kit (Qiagen Inc., Germantown, USA) with DNase treatment in accordance with the manufacturer's instructions. The purified RNA was quantified with a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific Inc., Waltham, USA). Its purity was assessed by calculating 260/280 and 260/230 ratios. RNA integrity was evaluated using the Experion platform incorporating LabChip microfluidic technology and Experion RNA StdSens analysis kits (Bio-Rad Laboratories, Hercules, USA).
To determine the protein concentration, the tissue samples were homogenized in 10 mM Tris-HCl with 150 mM KCl and 1 mM ethylenediaminetetraacetic acid (EDTA) pH 7.4 buffer (proportion 1:2 w/v) using a FastPrep-24 homogenizer (MP Biomedicals) for 2 min at 4.0 m/s. The homogenates were centrifuged at 14,500 × g for 10 min at 6°C and supernatants were collected and stored at −45°C.
The blood samples were clotted (30 min, room temperature) and centrifuged at 1500 × g for 10 min at room temperature. The serum obtained was stored at −45°C.
Analytical methods
The concentrations of adipokines in the tissue homogenates and serum were determined in duplicate using commercially available enzyme-linked immunosorbent assay (ELISA) kits. Apelin and apelin receptor concentrations were determined using human ELISA kits (MyBioSource Inc., San Diego, USA). The sensitivity of the apelin assay was 2.63 pg/mL, while intra-and inter-assay coefficients of variation (CV) were <10% and <12%, respectively. The sensitivity of the apelin receptor assay was 1.0 ng/mL, and both the intra-and inter-assay CVs were less than 15%. Resistin and adiponectin concentrations in the serum and tissue homogenates were measured using ELISA kits provided by R&D Systems (Abingdon, UK). The sensitivity of the resistin assay was 0.026 ng/mL, and the intra-and inter-assay CVs were 3.8-5.3% and 7.8-9.2%, respectively. The sensitivity of the adiponectin assay was 0.246 ng/mL, while the intra-and interassay CVs were 2.5-4.7% and 5.8-6.9%, respectively.
In the case of the tissue samples, adipokine levels were adjusted to total protein level, measured using the Bradford method with the Bio-Rad Protein Assay (Bio-Rad Laboratories). Bovine serum albumin was used for standard curve preparation. Concentrations were expressed as nanograms or micrograms of adipokine per grams of total protein content.
Adipokine mRNA expression levels were determined using reverse transcription quantitative polymerase chain reaction (RT-qPCR) analysis. The amount of 0.5 µg of RNA was transcribed using a Maxima First Strand cDNA Synthesis Kit (Thermo Fisher Scientific Inc., Waltham, USA) according to the manufacturer's instructions. Negative transcription controls were performed and tested for all samples. All the incubation steps were carried out in a C1000 Thermal Cycler (Bio-Rad Laboratories).
The qPCR reaction mixture consisted of 2 µL of cDNA (diluted 1:5), 10 µL of SsoFast EvaGreen Supermix (Bio-Rad Laboratories), 1 µL of each 10 nM forward and reverse targetspecific primer, and 6 µL of water. A list of the primers used in this study (provided by GeneSys Sp. z o.o., Wrocław, Poland) is presented in Table 2 . The reactions were conducted in triplicate using the CFX96 RT-PCR system (Bio-Rad Laboratories) with the following cycling conditions: 95°C for 30 s, 95°C for 5 s and 61°C for 5 s, 40 cycles. The specificity of the product was confirmed with melting curve analysis (60-90°C with a fluorescence reading every 0.5°C) and with electrophoresis in a high-resolution agarose (SeaKem LE agarose; Lonza Ltd., Basel, Switzerland) in Tris/Borate/EDTA (TBE) buffer with SYBR Green (Lonza Ltd.) detection. For each sample, the expression of toll-like receptors (TLRs) was examined and normalized to the GAPDH reference gene, and relative induction was calculated using the 2 (−ΔΔCt) method. 16 
Results
Protein concentrations of apelin, apelin receptor, resistin, and adiponectin in the primary tumors of cancer patients
The protein expression of apelin, apelin receptor, resistin, and adiponectin in tumor tissue and adjacent normal mucosa are presented in Table 3 . Apelin, apelin receptor and resistin levels were significantly higher in tumor tissue than in the corresponding control tissue (p < 0.05), whereas adiponectin concentration was non-significantly lower in the primary tumors than in control tissue (p = 0.058).
Tumor concentrations of adipokines were evaluated in relation to demographical, clinical and pathological parameters. Apelin levels significantly increased in the patients with lymph node metastases (median for pN0: 862.3 (701.9-1084.7) ng/g protein vs median for pN1: 1165.7 (794.2-1535.7) ng/g protein, p = 0.005) ( Fig. 1 ). Correlations between other study parameters were not found.
Pairwise comparison of apelin, apelin receptor, resistin, and adiponectin mRNA expression between the primary tumors and normal mucosa of cancer patients
An analysis of apelin, apelin receptor and resistin mRNA expression showed upregulated levels of these adipokines in tumor tissue as compared to normal tissue: 4.0-fold for apelin (p < 0.0001), 3.4-fold for the apelin receptor (p = 0.0008) and 4.4-fold for resistin (p < 0.0001). Adiponectin mRNA expression was 2.2-fold lower in the tumors than in the control tissue (p = 0.0255) ( Table 4) .
No correlations were found between the mRNA and protein expression of adipokines in tumor tissues.
Circulating levels of apelin, apelin receptor, resistin, and adiponectin in cancer patients
Serum apelin, apelin receptor, resistin, and adiponectin concentrations were measured in the group of 53 stage I-IV ESCC patients and in the 27 healthy controls, and the results are presented in Table 5 . The median concentrations of serum apelin, apelin receptor and resistin were significantly higher in the cancer patients than in the controls (p < 0.05 for all). There was no significant difference between the ESCC group and the control group in terms of serum adiponectin levels.
Relationships between demographic, clinical or pathological parameters and concentrations of serum adipokines in the ESCC patients are shown in Table 6 . There were Table 4 . Apelin, apelin receptor, resistin, and adiponectin mRNA expression in the tumor tissue of ESCC patients. Gene expression was normalized to control tissue and analyzed using the Wilcoxon test
Gene expression
Median (min-max) p-value statistically higher levels of serum apelin in the patients with cachexia (p = 0.006). Levels of serum apelin tended to be significantly higher in patients at higher TNM stages (p = 0.052). Concentrations of serum apelin receptor significantly decreased in ESCC patients with stage IV cancer (p = 0.0065) and the presence of lymph node or distant metastases (p = 0.005 and p = 0.004, respectively). No differences were observed between study parameters and concentrations of serum resistin and adiponectin in the cancer patients.
We observed a positive correlation between resistin protein expression in the tumors and in serum (ρ = 0.48, p = 0.011) (Fig. 2) .
Discussion
It has been demonstrated that apelin can influence cancer development and progression, and the apelin/apelin receptor system may play a crucial role in tumor angiogenesis. 12 However, there have been no studies of the clinical and pathological relevance of apelin and its receptor in ESCC.
To the best of our knowledge, this is the first study that has demonstrated increases in apelin and apelin receptor mRNA expression and protein levels in the tumors of ESCC patients. A similar result was reported in nonsmall cell lung cancer (NSCLC) tumors, where overexpression of apelin mRNA was shown by immunohistochemistry. A positive correlation between apelin mRNA and protein expression in human NSCLC specimens was reported. 13 Picault et al. have shown high levels of apelin and the apelin receptor in colon adenoma and adenocarcinoma. 17 They suggest that the apelin/apelin receptor system may participate in the growth of colon cancer through stimulation of anti-apoptotic pathways. Based on suggestions from previous research, we hypothesize that a high frequency of apelin and apelin receptor expression on the gene and protein levels might be significantly associated with ESCC development. Our results also showed significantly higher concentrations of serum apelin and apelin receptor in the cancer patients than in healthy controls, which additionally suggests the important role of these adipokines in the process of ESCC carcinogenesis.
Our investigation of associations between clinicopathological parameters and protein expression of apelin and apelin receptor levels in ESCC tumors revealed a significant relationship between high apelin levels and lymph node metastases. We did not find a similar correlation in the case of apelin receptor concentrations. Clinical and experimental studies by Berta et al. found that apelin might be a proangiogenic factor in NSCLC, and the apelin/apelin receptor system might induce lymphangiogenesis. 13, 18 A study by Heo et al. confirmed that apelin is an independent prognostic factor for lymph node metastasis in oral squamous cell carcinoma patients. 19 In vitro studies by Sorli et al. showed that apelin is a mitogenic factor for endothelial cells, and the overexpression of apelin receptor mRNA during the formation of new blood vessels has an influence on vascular network intensity in tumors. 20 They also reported that overexpression of apelin and apelin receptor stimulate tumor growth, and that this increase is related to earlier initiation of tumor development. They suggest that the observed effect is independent of the influence of tumor cells, and apelin could act on tumor neoangiogenesis via a paracrine action on the endothelial cells of the host vessels. In addition, Kalin et al. have shown that apelin and the apelin receptor are upregulated in microvascular proliferations during tumor angiogenesis in malignant gliomas. 21 These reports led us to formulate the suggestion that the highest levels of apelin in the tumors of patients with lymph node metastases might confirm the paracrine effect of the apelin/apelin receptor system on vascular and lymphatic endothelial cells and the activation of neoangiogenic and lymphangiogenic processes in ESCC. In our previous research, no significant differences between clinicopathological parameters and apelin concentrations in the serum of gastroesophageal cancer patients were found. In the present study, we observed a significant increase of serum apelin in the ESCC patients with cachexia syndrome and a tendency toward an increase in serum apelin levels in patients with advanced stages of the disease. This suggests that apelin may contribute to cachexia development through its participation in the systemic inflammatory response.
Although concentrations of serum apelin receptor were significantly higher in the ESCC patients than in the healthy controls, we found decreases in circulating apelin receptor in relation to the cancer patients' tumor stage progression, lymph node and distant metastases. This may suggest that the apelin receptor is intensely produced in the early stage of cancer development and may possibly take part in the carcinogenesis processes in ESCC. Further studies on larger groups of patients with stage I and II disease are necessary to evaluate the role of serum apelin receptor in ESCC.
Our study is the first to demonstrate that resistin mRNA and protein expression were significantly higher in tumor tissue than in normal mucosa in ESCC patients. These results are consistent with our previous study, where we found significant increases in resistin levels in the tumor tissue of gastroesophageal cancer patients. 10 Although no significant associations between the clinicopathological parameters and resistin protein expression in ESCC tumor tissue were found, other studies have reported that resistin plays an important role in tumor growth, neoangiogenesis and metastasis, and also in the differentiation and migration of endothelial cells in cancers. 4, 7, [21] [22] [23] [24] [25] The present study demonstrated significantly higher concentrations of serum resistin in the ESCC patients than in the; however, no relationships between serum levels of resistin and clinicopathological parameters were found. Increases in serum resistin concentration were observed in patients with colon, gastric, esophageal, and endometrial cancer, 6, 8, 14, 26 or in the saliva of patients with oral cavity squamous cell carcinoma. 15 Our study demonstrated significantly lower adiponectin mRNA expression in the tumors than in the control mucosa of the ESCC patients. We observed no significant differences between the clinicopathological parameters and protein levels in tumors or serum concentrations of adiponectin. These results are in opposition to some earlier studies. For example, Guo et al. used immunohistochemistry and western blot analyses to establish that adiponectin expression was significantly lower in tumor tissue than in adjacent non-malignant epithelial tissue in tongue squamous cell carcinoma. 27 Nakajima et al. and Yildrim et al. also found significantly lower concentrations of serum adiponectin in esophageal cancer patients than in healthy controls. 8, 11 Circulating levels of adiponectin decreased with tumor stage progression. Similar results have been reported in other malignancies, such as gastric and gastrointestinal cancers. 2, 6, 14, 28, 29 and in tongue squamous cell carcinoma, 27 head and neck squamous cell carcinoma 30 or non-small cell lung cancer. 3, 31 Our previous study on gastroesophageal cancer also showed significantly lower levels of serum adiponectin in patients with metastases to the lymph nodes and/or distant regions of body and in patients with cachexia syndrome. 10 However, it has been suggested in earlier studies that decreases in adiponectin levels cannot be associated with cachexia processes but rather with mechanisms of cancer progression. 7, 28 This implies that decreases in adiponectin levels may possibly play a role in cancer cell invasion and metastasis. On the other hand, increases in serum adiponectin levels have been found in cachectic patients with gastrointestinal cancer 29 and in patients with head and neck squamous cell carcinoma. 32 Reductions in overall survival for men with ESCC who had increased concentrations of serum adiponectin have also been demonstrated. 33 Therefore, further research is necessary to clarify the role of adiponectin in ESCC.
